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Highlights

Novel PCSK9 modulators were synthesized and evaluated in cell-based assays.
e  Compound 21 can potently reduce PCSK9 protein in cell-based assays.
e Compound 21 has improved metabolic stability.

e Compound 21 could be a potential candidate for the treatment of hyperlipidemia.
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Abstract

Proprotein convertase subtilisin/kexin type 9 (POBks a recently validated therapeutic target for
lowering low-density lipoprotein cholesterol (LDLCThrough phenotypic screening, we previously
discovered a class of small-molecules with a gjB¥olymethane (DIM) skeleton that can decrease the
expression of PCSK9. But these compounds have menpy and low metabolically stability. After

performing structure-activity relationship (SAR)tmpization by nitrogen scan, deuterium substitution
and fluorine scan, we identified a series of mucbrenpotent and metabolically stable PCSK9

modulators. A preliminaryn vivo pharmacokinetic study was performed for represeetanalogues



difluoradiindolyketone(DFDIK) 12 anddifluorobenzomidazolyindolylketone(DFBIIK-1) 13. Thein
vitro metabolic stability correlate well with the vivo data. The most potent compouzidhas the E

of 0.15 nM. Our SAR studies also indicated that lt¢ on the indole ring o1 can tolerate more
function groups, which may facilitate the mechanigrih action studies and also allow further

improvement of the pharmacological properties.

I ntroduction

Cardiovascular diseases (CVD) is the number onsecafideath world-wide. High levels of low-density
lipoprotein (LDL), clinically known as hypercholesblemia or hyperlipidemia, are strongly associated
with CVD. Although statin therapy has been verycassful for many patients, about 20% of them are
not able to achieve target LDL levels due to theease effects of statin therapy. Proprotein comsert
subtilisin/kexin type 9 (PCSK9) is secreted frone tiver, binds to the LDL receptor (LDLR), and
causes its lysosomal degradation (Figure 1).[h&ibition of this interaction upregulates the LDBRd
leads to a drastic lowering of LDL and the riskhefrt disease, making it the most attractive negeta
for lowering LDL-cholesterol. Two anti-PCSK9 monoohkl antibodies (mAb), Evolocumab and
Alirocumab, were recently approved by FDA.[3,4] Bigrupting the PCSK9-LDLR interaction, these
mADs can reduce over 60% LDL-cholesterol in paiertowever, antibodies require injection and they
are much more expensive than small molecules. deptihat mimic the epidermal growth factor
precursor homology domain A (EGF-A)domain of theDUR[5-13], PCSK9 antisense
oligonucleotides[14-18] and RNAIi of PCSK9[19-21¢ also under development, though they have the
same limitations as antibodies with respect to @wst oral availability. Small molecules have the
potential to overcome these limitations and haweeflixibility to be tuned for desired pharmacolaiic

properties[22,23].
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Figure 1. PCSK9 mediated lysosomal degradation of LDLR

Phenotypic screening and target-based screeningvaref the major approaches for drug discovery.
Target based screening allows for more rationalgdeas results in biochemical assays are easier to
interpret, especially after the target-ligand iat#ions are fully characterized.[24] Phenotypiesaing

led to the discovery of a number of first-in-clabsigs in history.[25] It has attracted more and enor
interest from both industry and academic in regeatrs[26,27] across many areas of diseases.[28—31]
Phenotypic screening aimed at inhibition of PCSK&gin production is a promising approach for the
discovery of small molecule PCSK9 inhibitors or miladors. Berberine (BBR),[32,33]
tetrahydroprotoberberine derivativeR)22,[34] difluoro-2,3diindolymethane (DFDIM, 1),[35]
7030B-C5[36] and BRD8518[37] were discovered wille factivity of reduction of secreted PCSK9
protein (Figure 2). R-IMPP showed a novel molecul@chanism of action (MoA) that targeted the 80S
ribosome and inhibited PCSK9 protein translatiomd was discovered by phenotypic screening in a
CHO-K1 cell line overexpressing recombinant Prollabgged PCSK9.[38] PF-06446846, an analogue
of R-IMPP, was subsequently developed with impropddrmaceutical properties.[39] By directly
targeting PCSK9 protein, a number of small molezwere developed, including LDLL-1dInr[40] and
3f[41] that disrupts the interaction of PCSK9 ardLR, Heparin oligosaccharide (e.g. Heparin 1) that
prevents the recruitment of PCSK9 to LDLR via hepasulfate proteoglycans (HSPG) on cell
membrane,[42] and a PCSK9 degrader using CMPDBealsgand.[43]
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Figure 2. Small-molecule PCSK9 modulators derived from plgpioc screening: BBR, R)-22,
DFDIM, 7030B-C5, BRD8518 and R-IMPP; Small-molecBl€SK9 inhibitors or binders derived from
targeted-based approach: LDLL-1dlInr, 3f, Hepa@md CMPD9.

Results and Discussion

Previously, we have discovered a class of smalemdés with a DIM skeleton that can decrease the
expression of PCSK9 with sub-micromolarsd€ in HepG2 cells.[35] After performing preliminary
structure—activity relationship (SAR) optimizatiothe PCSK9 inhibitor DFDIML with 202 + 78 nM
ICso was developed. In HepG2 cells, compodrakecreased PCSK9 protein levels in both cell lyaate
media as measured by sandwich ELISA. While workinghe elucidation of the mechanism of action
(MoA) and target identification of, we also performed a systematic SAR investigatiased on the
structure of 1 to obtain more potent, soluble, and metabolicatgable analogues fom vivo
pharmacokinetics and future proof-of-concept efficastudies. However, unlike target-based SAR
studies, phenotype-based SAR studies are moresolgaily due to multiple factors that can impact the
activity of the compounds. In addition to the paterior decreasing PCSK9 protein level, we also
optimized the liver microsomal stability of the coounds as liver is the primary tissue we need to

target and compouritihas obvious metabolic liability.
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Figure 3. SAR of N-substitutions of benzimidazole. HepG2 cells werated with compounds at
various concentrations for 48 h. Medium sample waralyzed by human PCSK9 ELISA. Data was
normalized to vehicle (DMSO) treated group and dpaph represented as mean of relative PCSK9
protein level (n = 3) witht SD as error bar. Statistical significance was yzel by one-way ANOVA

in comparison with vehicle (DMSO) treated group.t N@gnificant (ns), p < 0.05, **p < 0.001,
*x n < 0.0001.

Replacement of a CH motif by its isostere N oftetains the activity while improving the metabolic
stability and solubility.][44,45] We initiated our ptmization by the design of
difluorobenzomidazolyindolylmethane (DFBIIM)2 because of its ease of synthesis and also the
flexibility to introduce various R groups to thetrogen of the benzoimidazole ring, including both
small/bulky and non-polar/polar substituents. Thlessituted group on the N atom of benzimidazole was
systematically explored (Figure 3). Among the déeerange of substituents, the addition of a methyl
group to the parent compoug@dsignificantly improved the potency of compouBda classical “methyl
effect”.[46,47]

We suspected that the methylene group betweenmbentoles inl, or between the benzoimidazole
and indole in2 or 8, would be one of the most metabolically labile sitescause they are activated by
two adjacent aryl rings towards potential oxidatigactions. Replacement of one or more hydrogens by
isotopic deuterium can often increase the metalstéibility, while retaining the biological activityn
2017, the first deuterated drug, deutetrabenazuas, approved by US FDA.[48-51] Longer half-life
and the reduction of toxic metabolites are the magtvantages of deuterated drugs.[52,53] Analddue
was designed and synthesized by deuterating thenfmit metabolically labile methylene group. We
then thoroughly examined the metabolic stabilityP@@SK9 modulatord and2 across three different

species to establish the correlation among micearal human (Table 1). Both compouridand?2 are



indeed relatively metabolically labile, comparedtheir analogues in the same series. The half#ife
human is generally 2-4 times longer than those icenmand rats. The metabolic stability bt was
increased over two times compared to compazind both mice and rats. For example, the half-life o
11 in mice was increased from 7.2 to 16.3 minutesgssting that the methylene bridge is indeed a
metabolically labile sites as we suspected. Fragsdhresults, we further converted the methylenapgro
of compoundsl and?2 to carbonyl group by SeOThe metabolic stability of ketones DFDIKR and

DFBIIK-1 13 in both mice and rats was increased significantgr@ompound4 and2, respectively.

Table 1. Microsomal stability of potential PCSK9 modulators

F. Y, F. D F: Y, 0 N 0
O 104 PSS L
N N N
H { J H [/ H ([
1,Y=CH N N 12,Y=CH N N
2,Y=N H F 1 H F 13, y=N H F 14

Human Liver Microsoma Mice Liver Microsoma Rat Liver Microsoma

I=

Stability Stability Stability
Compound Ti2(min) Chn _ T12(min) Chn _ T12(min) Chn _
(uL/min/mg) (LL/min/mg) (LL/min/mg)

1 63.9+15.( 23.045. 16.5+0..  83.9+1.1 23.242.8  60.747.8
2 175+0.2 794+1.C 7.1+0.: 194.949.5 9.5+0.1 145.6+1.C
11 - - 16.2+0.3 85.41.8 23.5+1.. 59.1+3.C
12 - - 40.1x2.2 34.€x1.8 769+5.¢ 18.1x14
13 - - 30.0+2.5 46.5+4.C 478+5.8 294+3.:
14 - - 25.842.¢  54.616.¢ 42.442.¢  33.1+3.¢

It is not clear if the change of a methylene bridgel and 2 to a ketone bridge iri2 and 13,
respectively,would have any effect on the activity towards lowgrPCSK9 protein level. We then
compared the activity 0f2 and 13 with 1 and 2 for their ability to decreased PCKS9 secretion from
HepG2 cells (Figure 4). We were pleased that comgel2 and 13 have much higher potency than
their counterparts and2 at 1uM concentration. Nearly 90% reduction of PCSK9 ermotvas observed
with 1 uM of PCSK9 modulatot3.
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Figure 4. SAR of compounds with methylene or ketone linkagdepG2 cells were treated with
compounds at various concentrations for 48 h. Madaample were analyzed by human PCSK9
ELISA. Data was normalized to vehicle (DMSO) trelggoup and bar graph represented as mean of
relative PCSK9 protein level (n = 3) with SD as error bar. Statistical significance was yae by
one-way ANOVA in comparison with compound 1 treatgedup at same concentration. Not significant

(ns), p < 0.05, **p < 0.01, **p < 0.001, ****p < 0.0001.

Having two potent PCSK9 modulators with much higmetabolic stability, we decided to establish the
correlation ofin vivo pharmacokinetics with thea vitro metabolic stability (Table 2). The preliminary

vivo pharmacokinetic study for compound® and 13 were performed in mice. Mice were
intraperitoneally injected with 6 mg/kg @2 or 13. Plasma samples were collected and analyzed by LC-
MS/MS. Both compounds reached their peak conceoiatof about 1.0 uM near 15 minutes after
injection (Table 2). We performed one-phase-decawylinear fitting of all biological and technical
replicates and obtained the plasma half-lifgxfTand other parameters of these two compounds. The
T1p0f 12 and13 were 1.31 and 1.64 hours, respectively. The todrilein vivo data for compoundi2

and 13 correlate well with theirin vitro metabolic stability. These results thus providéuable

information for further optimization and vivo studies.

Table 2. Preliminary phar macokinetic study DFDIK 12 and DFBIIK-1 13 in mice®

12 13
Route of administration IP IP
Dose (mg/kg) 6.0 6.0
AUC... (ug/LehY 610.3 695.6



Crnax (Mg/LY 322.9+23.7 294.3 +8.9

Ty (Y 1.31 1.64

a. Compounds were formulated in DMSO (10 %) and Twé@ (10 %) in PBS (80 %).
b. AUC,..., total exposure following a single dose.

¢. Chax maximum plasma concentration following a singbsel
d. T1p, half-life.

Incorporation of fluorine is a common strategy mugldiscovery. About 20% of FDA approved drugs
contain at least one fluorine atom across manwewdfft dug classes.[54-56] Fluorine substitutiorts no
only modulate the ADME profiles but also impact tein-ligand binding affinity.[57—61] A systematic
fluorine scan on ligands has become a routine @gprn hit-to-lead optimization strategies.[62,58%
previously performed a fluorine scan for the pardimdolylmethanel.[35] In order to examine the
effect of the two fluorine atoms on the A-ring abeiing of compoundl3, we prepared their parent
analoguel4, analogued5 and 16, which lack one of the two fluorine atoms, andlagae 17, which
has the fluorine on the 4-position instead of S#pms The potency of those analogues was compaired
three different concentrations (Figure 5A). Eacdhofine atom on either A-ring or D-ring slightly
improved the potency and two fluorine atoms coadpesky improved the potency further. The position
of fluorine on A-ring does not significantly impathe activity for PCSK9 modulation. We then
compared the microsomal stability of compouri@sand 14 (Table 1). The two fluorine atoms in
compoundl13 improved its metabolic stability in both mice arats over the parent compounid
without two fluorine atoms.

We then conducted a systematic fluorine scan SARiet for analogues with the ketone linkage and an
additional methyl group on the benzoimidazole & (Figures 6B and 6C), because of the “methyl
effect” we observed for the improved potency of poomd 8 over its parent compound. No
significant difference was observed for the PCSK®&dutation activity among the five compounds,
including compound8 without the fluorine in the benzoimidazole ring asa@mpoundd9-22 with the
fluorine at different positions (Figure 5B). On tb#er hand, the position of the fluorine atom be t
indole ring significantly impacted activity (FigutC). Compared to compour2d without the fluorine

on the D-ring, fluorine substitution on the 5 angaksitions decreases the potency, whereas fluorine



substitution on the 6 and 7 positions increaseptency. The SAR trend of the fluorine scan onRhe
ring of compound2 is very similar to the trend of the fluorine scabserved for the original hit
compoundl,[35] suggesting that these two classes of compoiagde the same mechanism of action.
Compound 21 has the most significant PCSK9 modulation activdy both 10 and 100 nM
concentrations (35.0% * 4.4% and 12.5% + 2.1% réaluof PCSK9, respectively), though compound
20 showed similar potency (34.4% + 2.7% and 11.9%32@reduction of PCSK9 at 10 and 100 nM,

respectively).
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Figure 5. Fluorine scan SAR of carbonyl linked analogu@s. Fluorine substitution on A-ring and D-
ring of carbonyl linked benzimidazoleindole; (B)-8€an’ SAR of A-ring carbonyl linked N-methyl-



benzimidazoleindole (C) ‘F-scan’ SAR of D-ring ofriNethyl-benzimidazoleindole. HepG2 cells were
treated with compounds at various concentrationgt®&h. Medium sample were analyzed by human
PCSK9 ELISA. Data was normalized to vehicle (DMS@ated group and bar graph represented as
mean of relative PCSK9 protein level (n = 3) with SD as error bar. Statistical significance was
analyzed by one-way ANOVA in comparison with compaud4- (A), 18- (B) or 21- (C) treated group
at same concentration. Not significant (ng), < 0.05, *p < 0.01, **p < 0.001, ***p < 0.0001.

We then further compared the microsomal stabilityyampoundsl3 and 21 (Figure 6). The methyl
group in compoun@l clearly improved its metabolic stability in both gaiand rats over the parent

compoundl3 without the methyl group.

We further examined the full dose-response of camge2, 13 and 21 for PCSK9 modulation and
compared their potency with metabolic stabilityFigure 6. The effect di-methylation and carbonyl
linker replacement on activity is dramatic. Thegmaty was improved 139-fold by the carbonyl linker
replacement in compount3 and 17-fold byN-methylation on compoun@l. A total of 2,320-fold
increased potency was achieved by two relativehps modifications. The metabolic stability wasoals

increased by the two modifications as summarizdelgare 6.
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Figure 6. The effect ofN-methylation and carbonyl linker replacement onepoy and microsomal
stability. HepG2 cells were treated with compouatisarious concentrations for 48 h. Medium sample
were analyzed by human PCSK9 ELISA. Data was nazewto vehicle (DMSO) treated group and dot

plot represented as mean of relative PCSK9 prdé&iel (n = 3) with= SD as error bar. The dose

response curve was fitted using “log(inhibitor) kessponse (three parameters)” by GraphPad Prism.

To facilitate the mechanism of action studiess itnmportant to identify a position within the conupal
that can be modified without significantly inteiifeg with the biological activity. Such a positioragn
also help to further improve other pharmacologpraperties. Analogues with &frsubstituent on either

the benzoimidazole ring or the indole ring are nenethetically accessible than those with substitie

10



on the benzene ring. We first prepared compo2®g9 with different N-alkyl substituents on the
benzoimidazole ring or the indole ring and compatteeir activity for PCSK9 modulation at three
different concentrations (Figure 7). Clearly, thk fRsition cannot tolerate a large substituent. This
what we expected based on SAR studies shown ird=iguConversely, a large substituent on the R
position can be well tolerated as shown by thevigtiof compound28, though the activity was

decreased at lower concentrations.

-
o
1

mm DMSO R?
-0 F :
° 5 . BN 25 M BBR N 9
2 ‘= 1.04 = 13 N/
-0 /
o > - 21
s = 27 vk
0.5- 1=H R2=H R
03 = 28 13 R1 H, R =H
a9 21R"'=Me, R*=H
= - 2 27R'=Me, R? = Me
28 R' = Me, R? = CH,CH,N(CH,CH,),0

29 R = CH,CH,N(CH,CH,),0, R? = H

Figure 7. Investigation of the effect di-substituent on the benzoimidazole and indole. Hepé&lls
were treated with compounds at various concentratior 48 h. Medium sample were analyzed by
human PCSK9 ELISA. Data was normalized to vehidlM§O) treated group and bar graph
represented as mean of relative PCSK9 protein lévet 3) with = SD as error bar. Statistical
significance was analyzed by one-way ANOVA in congzn with vehicle (DMSO) treated group. Not
significant (ns), p < 0.05, **p < 0.001, ***p < 0.0001.

We then further conducted a dose response studiesnflogues with various R-group on the indole
nitrogen (Table 3). Although all these analogues kss potent than the parent compowid
compounds32 and33 showed very promising activity with Egvalues less than 1 nM. The activity of
compounds28, 30, and 31 was lower than the parent compouBd, when the morpholine was
introduced with an alkyl linker. Interestingly, miaxf the activity could be retained in compouB®
when the morpholine was introduced with a sulfortlralkyl linker. Replacement of the morpholine
ring in 33 by a piperidine ring ir34 significantly reduced the activiterivatives of compound3 and

33 will be prepared in the near future for targeniafecation and the studies of mechanism of actidn.
the same time, an appropriate animal model will itbentified for the investigation of the full

pharmacokinetic profile anid vivo efficacy of this class PCSK9 modulators.

Table 3. SAR of substitutions on the nitrogen of indole®

11



R F

Compound R E6 (nM)

21 Ay 0.15t0.03

27 e 1.21+0.34

28 A~ 11.0:3.5

G

30 TN 39.9:19.0
(o

31 AN 88.0£25.0

L_o
32 NN 0.28t0.06
33 1?5'{’/\'(\ 0.69t0.21
O
34 &S{J/\N ~ 161+32

NH

a. Dose response curve (See Figure S1).

During our previous studies,[35] we checked theotogicity of the DIM compounds to ensure the
reduction of PCSK9 was not due to cell death. Nmmounds showed any obvious cytotoxicity at
concentrations of 1AM or lower. We also analyzed the cytotoxicity off thle improved analogues by
MTT assay at 1.QuM (See Figure S2). At this concentration, the matiRCSK9 reduction could be
achieved and most compounds did not show any obvoyotoxicity. We can conclude that the

reduction of PCSK9 by these new analogues with nmigiher potency is not due to cytotoxicity.

The syntheses of compounds34 are summarized in Schemes 1-4. Commercially &aild/-
fluoroindole was acylated by Friedel-Crafts reactising oxalyl chloride. After hydrolysis and Waelff

Kishner-Huang reduction, the 7-fluoroindole-3-aceicid product was obtaine@ased on the same

12



procedure, 4, 5 and 6-F substituted isomers werpgoed. The 2-fluorine of 2,4-difluoronitrobenzene
was substituted by a variety of primary amines throaglAr reaction. After reduction, a series of
desiredN-substitutedo-phenylenediamines were prepared. According taralasi procedure, 5-fluoro
and 3-fluoro N*-methylbenzene-1,2-diamines were prepared fromdZlderonitrobenzene and 2,6-
difluoronitrobenzene, respectively. The other taonieric 4-fluoro and 6-fluorb*-methylbenzene-1,2-
diamines were prepared from 2,4-difluoronitrobemzeand 2,6-difluoronitrobenzene, respectively,
through additional Boc protectioN;methylation and deprotection steps. The two iné&gtiates, indole-
3-acetic acids and benzene-1,2-diamines, were tloapled by EDClI and HOBt, followed by

intramolecular condensation, to afford the methglimked analogues.

The deuterated analogié was easily prepared from compoutly H-D exchange in DMSOg(D-0.
The linker methylene group can also be oxidizedaonyl by Se@and afforded the corresponding
carbonyl bridged analogues. The additional sulestisi on the nitrogen of the indole ring were

introduced by straightforward alkylation reactions.

ﬁﬂ’ﬁ o

2

v,l/\/OH ;\Me "5_/\( ’{\K
9 10

7 8

IZ/

Reagents and conditions: (a) oxalyl chloride (1gRie), NaHCQ, EtO; (b) hydrazine hydrate (5.0
equiv), NaOH, ethylene glycol, 150 °C (c) DIPEAQ2quiv), DMSO, 0 °C to rt, 15hrs, >95%; (d)
Pd/C, H (1.0 atm), MeOH, rt, 80%; (e) EDCI, HOBt, DMF, (f) Toluene/AcOH (2/1), Microwave,
150 °C, d, e total yield 70%.

Scheme 1. Synthesis of Compoun@s10

13



Reagents and conditions: (a) Microwave, DM&8¢D,0, 160 °C, yield > 95%; (b) Se(1,4-dioxane,
100 °C, yield 71% (c) SOgIDMF (cat.), E£O, rt; (d) SnCJ (1.3 equiv), DCM/MeN@, rt; d, e total
yield 31%.

Scheme 2. Synthesis of Compound4, 12 and13
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R3 = H, CHg, CHyCHoN(CH,CH,),0 14-17, 29

Reagents and conditions: (a) MeNIBIPEA, DMSO, 0 °C to rt, yield 95%; (b) Fe, NEI, EtOH/HO0,

80 °C, yield 80%; (c) NktH,O, DIPEA, DMSO, 0 °C to rt, yield 95%; (d) 1) DMA@O mol %),
Boc,O (2.2 equiv), DMF, rt, 2) TFA 3.2% in DCM, yielb%; (e) Pd/C 10%, H(1.0 atm), MeOH, rt,
yield 80% (f) Mel (1.0 equiv), N&O;, DMF, rt, yield 40%; (g) MeB(OH) Cu(OAc), Pyridine, 1,4-
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dioxanes, 100 °C, yield 60%; (h) TFA 50 vol. % €M, rt, yield 90% (i) HOBt, EDCI, DMF, rt; (j)
AcOH/Toluene, Microwave, 150 °C; (k) Se@.0 equiv), 1,4-dioxanes, 100 °C; total yield(Df (j)
and (k) 50%.

Scheme 3. Synthesis of Compounds-26 and29
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Reagents and conditions: (a) Mel (3.0 equivh-d@ul (3.0 equiv), CgLOs (1.5 equiv), Acetonitrile, rt,
yield >95%; (b) kCO; (4.0 equiv), Acetone, 70 °C, yield 85%; (c) Morphe, TBAI (0.2 equiv), 100
°C, yield 80%; (d) NaH (1.2 equiv), CISOH,CH,CI (1.5 equiv), DMF, 0 °C to rt, yield 70%; (e)
Morpholine (10.0 equiv) or Piperazine (10.0 equiMBAl (0.2 equiv), DMSO, 110 °C, yield 70%.

Scheme 4. Synthesis of Compoun@3, 28 and30-34
Conclusions

In summary, based on our previously developed PQ8&8ulator DFDIM1 (ECso = 200 nM), a series

of analogues were designed and synthesized tcefuirtiprove the potency and metabolic stability. Our
initial SAR studies for the substituents in DFBI®indicated that the addition of a methyl substituent
to the nitrogen of the benzimidazole ring8myreatly improved its potency. After investigatitng liver
microsomal stability for compoundsand?2 in different species, we hypothesized that thehgiehe
bridge between the two heterocycles in DFDIM or DMIMBmay be a metabolically labile site. In order
to validate this hypothesis, deuterated compdlihd/as prepared. The improved metabolic stability of
11 over 2 supports the above hypothesis. We then prepamibrog linked bisindole DFDIK12 and
benzoimidazole-indole DFBIIK-13. We found that these two compounds had not onlghrhetter
metabolic stability, but also nearly 100-fold highmtency. These data prompted us to initiate the
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preliminary PK study in mice to establish a cortiela betweenin vitro metabolic stability anth vivo

PK performance of this class of PCSK9 modulatongriigy subsequent optimizations, we introduced
the methyl substituent to the benzimidazole nitrogeDFBIIK-1 13 and prepared DFBIIK-21, which
yielded an additional 17-fold increase of potenty. systematically investigate the effect of the two
fluorine substituents on the ketone linked benzdarole-indoles, an ‘F-scan’ was also conducted on
both heterocycles. In addition, we also investidate effect of different substituents on eachheftivo
nitrogen atoms in the benzoimidazole and indoleroet/cles, respectively. We found that the nitrogen
of indole can tolerate various substituents, whichy be useful for future target identification and

mechanism of action studies, which will be repoitedue course.
Experimental Sections

General Information in Synthetic Chemistry

All reactions were conducted under a positive pressf dry argon in a glassware that had been oven-
dried prior to use. Anhydrous solutions of reactioixtures were transferred via an oven-dried swing
or cannula. All solvents were dried prior to usdess noted otherwise. Thin-layer chromatography
(TLC) was performed using precoated silica gelgdaFlash column chromatography was performed
with the silica gel*H and**C nuclear magnetic resonance (NMR) spectra weded on Bruker 400,
500, 600 MHz and Varian 500 MHz spectrometdfisNMR spectra were reported in parts per million
(ppm) referenced to 7.26 ppm of CRGF referenced to the center line of a septet 8 ppm of
DMSO-ds. Signal splitting patterns were described as sinfd), doublet (d), triplet (t), quartet (q),
quintet (quint), or multiplet (m), with coupling ostants J) in hertz. High-resolution mass spectra
(HRMS) were performed on an electron spray inject{&Sl) TOF mass spectrometer. The liquid
chromatography—mass spectrometry (LC—MS) analylsithal products was processed on an Agilent
1290 Infinity Il LC system using a Poroshell 120 -EC8 column (5 cm x 2.1 mm, 1,8m) for
chromatographic separation. Agilent 6120 Quadruh@é&VS with multimode electrospray ionization
plus atmospheric pressure chemical ionization wsedl for detection. The mobile phases were 5.0%
methanol and 0.1% formic acid in purified water (&)d 0.1% formic acid in methanol (B). The
gradient was held at 5% (0—0.2 min), increased@d at 2.5 min, then held at isocratic 100% B fdr O
min, and then immediately stepped back down to 680fL min re-equilibration. The flow rate was set

at 0.8 mL/min. The column temperature was set at@Q0The purities of all of the final compounds
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were determined to be over 95% by LC—-MS. See thgp&ting Information forH and*C NMR
spectra and LC—MS purity analysis of all compounds.

General procedure for the preparation of compo@atis

In a 250 mL flask with a magnetic stirring bar,l@efroindole (2.0 g, 14.8 mmol) was dissolved in 50
mL ethyl ether and cooled by ice-water bath. Oxahlbride (2N DCM solution) (8.9 mL, 17.8 mmol)
was added by dropping funnel. Half of an hour latee empty dropping funnel and ice-water bath were
removed, and the reaction mixture was stirred atnréemperature for another 5 h. Then the reaction
mixture was quenched by NaHg®&aturated solution and stirred overnight. Aftenebally adjusting to

pH 1.0 by 1N HCI, the organic phase was separated,the aqueous phase was extracted by 100 mL
ethyl acetate. The organic phase was combined aed by NaSQ,, then the solvent was removed by

rotavapor to yield 3.06 g of solid, which was dtheaised for the next step reaction.

In a 250 mL flask with a magnetic stirring bar, 8186 g of solids, hydrazine hydrate (3.7 g, 74rQat)
and sodium hydroxide (6.5 g, 162.8 mmol) were sodpéd in 35 mL ethylene glycol. The reaction
mixture was heated to 60 °C for half an hour, theated to 150C for another 4 h. After cooling to
room temperature, the reaction mixture was adjusiqeH 1.0 by 1N HCI, extracted by 100 mL ethyl
acetate twice. The organic phase was combined aad by NaSQ,, the solvent was then removed by
rotavapor, the residue was purified by silica gglmn chromatography (eluted with methanol in DCM

from 0.5% to 5%) and 2.0 g of 7-fluoroindole-3-aceicid was prepared (two steps, total yield of 7.0%

In a 150 mL flask with a magnetic stirring bar, -Bjfluoronitrobenzene (1.0 g, 6.29 mmol) and DIPEA
(1.6 g, 12.58 mmol) were suspended in 10 mL DMS® @ovoled in ice-water bath, then benzyl amine
(0.67 g, 6.29 mmol) was added to the reaction mextAfter stirring overnight, the reaction mixtuas
guenched by 100 mL NaHGQ@aturated solution. The yellow precipitate waseabded by filtration and
washed by 50 mL water three times and 50 mL hexaree. After drying by high vacuum, 1.5 g of
yellow solid was generated.

In a 100 mL flask with a magnetic stirring blkbenzyl-5-fluoro-2-nitroaniline (0.5 g, 2.03 mmaihd
Pd/C (100 mg) were suspended in 15 mL methanokrAféaling by rubber stopper, a 2.0 L hydrogen
balloon was connected with the reaction flask Isyringe needle. The reaction mixture was thenestirr
overnight at room temperature. After removing th#@P by filtration, the solvent was removed by
rotavapor. The residue was then purified by siiehcolumn chromatography to afford 352 mgh\df
benzyl-5-fluorobenzene-1,2-diamine (80% vyield).
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In a 10 mL flask with a magnetic stirring bar, axtare ofN'-benzyl-5-fluorobenzene-1,2-diamine (118
mg, 0.54 mmol), 7-fluoroindole-3-acetic acid (109,08.52 mmol), HOBt hydrate (79 mg, 0.52 mmaol),
EDCI (149 mg, 0.78 mmol) and DMF (2.5 mL) werersiir at room temperature for 5.0 h. The reaction
mixture was then poured to 100 mL ethyl acetate washed by 100 mL NaHGGaturated aqueous
solution three times. The organic phase was drigd\NB,SQO,, the solvent was then removed by
rotavapor. The residue was suspended in toluen®HA¢4 mL/2 mL) and heated at 150 °C by
microwave for 1.0 h. After cooling to room temperat the reaction mixture was then poured to 100
mL ethyl acetate, washed by 100 mL NaHCfaturated agueous solution three times. The argani
phase was dried by BBy, the solvent was then removed by rotavapor. Thielue was then purified
by silica gel column chromatography to yield 148 oigompound (76% yield).

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1H-beafd]imidazole@) *H NMR (400 MHz, Chloroform-

d) § 8.72 (s, 1H), 7.35 (dd, J = 8.8, 4.6 Hz, 1H), 7=21.16 (m, 1H), 7.15 — 7.09 (m, 2H), 6.97 — 6.87
(m, 3H), 4.34 (s, 2H). HRMS (ESI) calcd foge811FN3 (M + Na) 306.0813, found 306.0816. LC-MS
Purity: 98.4 %, R= 2.06 min.

1-benzyl-6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl H-benzo[d]imidazole 3) 'H NMR (400 MHz,

Chloroformd) 6 8.37 (s, 1H), 7.71 (ddd,= 8.9, 4.8, 0.5 Hz, 1H), 7.30 — 7.27 (m, 1H), 7=2%.19 (m,
3H), 7.03 — 6.94 (m, 3H), 6.91 — 6.83 (m, 4H), 5(802H), 4.35 (dJ = 1.1 Hz, 2H)X*C NMR (101

MHz, Acetonesds) & 160.0 (d,J = 236.4 Hz), 155.5 (d] = 3.2 Hz), 150.5 (dJ = 242.5 Hz), 140.3,
137.3, 137.0 (d) = 13.4 Hz), 132.2 (d] = 5.6 Hz), 129.4, 128.3, 127.2, 125.4, 125.2,120,J = 10.2

Hz), 112.0 (dJ = 6.2 Hz), 115.9 (d]) = 3.4 Hz), 111.7 (d] = 2.4 Hz), 110.2 (d] = 25.1 Hz), 107.0 (d,
J=16.2 Hz), 97.6 (dJ = 27.9 Hz), 47.8, 25.5. HRMS (ESI) calcd for8,77N3 (M + H)" 374.1463,
found 374.1460. LC-MS Purity: 98.6 %; R2.74 min.

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1-phetig/l-1H-benzo[d]imidazole4) 'H NMR (400 MHz,
Chloroformd) & 8.36 (s, 1H), 7.68 (ddd,= 8.7, 4.8, 0.5 Hz, 1H), 7.27 — 7.23 (m, 4H), 7-08.87 (m,
5H), 6.85 — 6.80 (M, 2H), 4.17 (t= 7.2 Hz, 2H), 3.99 (d] = 1.1 Hz, 2H), 2.79 () = 7.2 Hz, 2H)C
NMR (101 MHz, Chloroformd) § 159.5 (d,J = 239.1 Hz), 154.2 (d] = 2.9 Hz), 149.6 (d) = 244.5
Hz), 138.8, 137.5, 135.2 (d,= 13.0 Hz), 130.6 (d] = 5.5 Hz), 128.9, 128.7, 127.1, 124.7 {d; 13.5
Hz), 123.4, 120.1 (d] = 10.1 Hz), 120.0 (d) = 6.1 Hz), 114.5 (d) = 3.4 Hz), 111.3 (dJ = 2.3 H2z),
110.2 (d,J = 24.9 Hz), 107.1 (d] = 16.0 Hz), 96.2 (d] = 27.5 Hz), 45.9, 35.5, 24.5. HRMS (ESI) calcd
for Co4H19FoN3 (M + H)™: 388.1620, found 388.1618. LC-MS Purity: 96.3Rg= 2.73 min.
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6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1-(pyatin-4-ylmethyl)-1H-benzo[d]imidazoles) *H NMR
(400 MHz, MethanoH,) 5 8.18 (s, 1H), 8.07 — 8.03 (m, 2H), 7.72 — 7.67 1), 7.20 — 7.17 (m, 1H),
7.10 —7.00 (m, 3H), 6.89 — 6.82 (m, 1H), 6.78 28m, 1H), 6.54 — 6.50 (m, 2H), 5.48 (s, 2H), 44,7
2H). *C NMR (101 MHz, Methanott) & 161.3 (d,J = 239.2 Hz), 156.7, 151.0 (d,= 243.6 Hz),
149.5, 147.3, 139.1, 137.2 @z 13.2 Hz), 132.2 (d] = 5.8 Hz), 126.1, 125.9, 122.2, 120.6J¢&; 10.2
Hz), 120.5 (d,J = 6.2 Hz), 115.4 (d]) = 3.5 Hz), 111.9 (d] = 25.5 Hz), 110.6 (d] = 2.4 Hz), 107.3 (d,
J=16.4 Hz), 97.8 (dJ = 28.2 Hz), 47.2, 25.8. HRMS (ESI) calcd forldi6FNs (M + H)': 375.14186,
found 375.1417. LC-MS Purity: 96.2 %; R1.95 min.

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1-(pyatin-3-ylmethyl)-1H-benzo[d]imidazoles) *H NMR
(400 MHz, MethanoH,) 5 8.23 — 8.18 (m, 1H), 7.94 — 7.90 (m, 1H), 7.70.657m, 1H), 7.19 (dJ =
8.0 Hz, 1H), 7.10 — 7.02 (m, 3H), 6.99 — 6.93 (iH),16.89 — 6.82 (m, 2H), 6.75 (dddi= 11.4, 7.8 Hz,
1H), 5.47 (s, 2H), 4.48 (s, 2HC NMR (101 MHz, Methanotk) 5 161.2 (dJ = 239.2 Hz), 156.5 (d]

= 2.9 Hz), 151.0 (d) = 243.5 Hz), 148.7, 147.7, 139.1 (W= 1.1 Hz), 137.0 (d) = 13.2 Hz), 135.3,
133.3, 132.1 (dJ = 5.7 Hz), 126.0 (d, J = 13.7 Hz), 125.7, 124X).6 (d,J = 10.3 Hz), 120.5 (d] =
6.4 Hz), 115.3 (dJ = 3.4 Hz), 111.8 (d, J = 25.3 Hz), 110.6 J& 2.4 Hz), 107.3 (dJ = 16.3 Hz), 97.9
(d, J = 28.1 Hz), 45.9, 25.7. HRMS (ESI) calcd fosl@6F2Ns (M + H)": 375.1416, found 375.1411.
LC-MS Purity: 99.2 %, R= 2.27 min.

2-(6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1Hemzo[d]imidazol-1-yl)ethan-1-ol7f *H NMR (400
MHz, Methanold,) § 7.57 (dd,J = 8.8, 4.8 Hz, 1H), 7.30 — 7.22 (m, 2H), 7.17 337(m, 1H), 7.04 —
6.97 (m, 1H), 6.93 — 6.87 (m, 1H), 6.85 — 6.78 {H), 4.50 (dJ = 1.0 Hz, 2H), 4.24 (t) = 5.4 Hz,
2H), 3.67 (tJ = 5.4 Hz, 2H). HRMS (ESI) calcd for;8H:15FN30 (M + H)": 328.1256, found 328.1265.
LC-MS Purity: 96.9 %, R= 1.96 min.

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1-methyH-benzo[d]imidazole § H NMR (400 MHz,
Chloroformd) & 8.41 (s, 1H), 7.67 (ddd,= 8.7, 4.9, 0.5 Hz, 1H), 7.40 — 7.34 (m, 1H), 7-08.96 (m,
3H), 6.95 (ddd, = 8.7, 2.5, 0.5 Hz, 1H), 6.93 — 6.87 (m, 1H), 4(dpJ = 1.1 Hz, 2H), 3.59 (s, 3H).
HRMS (ESI) calcd for @H13FN3 (M + H)™: 298.1150, found 298.1152. LC-MS Purity: 96.8 %~=R
2.02 min.

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1-isobyl-1H-benzo[d]imidazole 9) *H NMR (400 MHz,
Chloroformd) 6 8.50 (s, 1H), 7.66 (ddd,= 8.2, 4.9, 1.0 Hz, 1H), 7.36 — 7.30 (m, 1H), 7-08.94 (m,
4H), 6.92 — 6.86 (m, 1H), 4.39 (d~= 1.1 Hz, 2H), 3.79 (d] = 7.7 Hz, 2H), 2.16 (m, 1H), 0.89 (@ =
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6.7 Hz, 6H). HRMS (ESI) calcd forsg19FNs (M + H)": 340.1620, found 340.1636. LC-MS Purity:
99.2 %, R=2.47 min.

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl)-1-neopiyl-1H-benzo[d]imidazole 10) 'H NMR (400
MHz, DMSOg) 6 11.43 (s, 1H), 7.52 (dd,= 8.7, 5.0 Hz, 1H), 7.44 (dd,= 9.8, 2.5 Hz, 1H), 7.36 (s,
1H), 7.31 — 7.25 (m, 1H), 7.00 — 6.93 (m, 1H), 6-98.84 (m, 2H), 4.36 (s, 2H), 4.05 (s, 2H), 1.80 (
9H). HRMS (ESI) calcd for §H21FN3 (M + H)": 354.1776, found 354.1784. LC-MS Purity: 98.2 %,
R: = 2.53 min.

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl-d2)-1Hemzo[d]imidazole 11). Compound (145 mg, 0.51
mmol) was suspended in DMS#D,0 (2.5 mL/7.5 mL). The reaction mixture was theated at 160

°C by microwave for 5.0 h. After cooling to roonmigerature, the reaction mixture was then poured to
50 mL of ethyl acetate, washed by 50 mL of watezdHimes. The organic phase was dried bySdg

the solvent was then removed by rotavapor. Thalueswas then purified by silica gel flash column
chromatography to yield 138 mg of compourid(95% yield).

6-fluoro-2-((7-fluoro-1H-indol-3-yl)methyl-d2)-1Hemzo[d]imidazole 11) 'H NMR (400 MHz,
DMSO-dg) § 12.22 — 12.16 (m, 1H), 11.47 (s, 1H), 7.51 (m, 18)57.39 — 7.28 (m, 3H), 7.16 (m, 0.5
H), 6.99 — 6.87 (m, 3H). HRMS (ESI) calcd fors89D-FN3 (M + H)™: 286.1119, found 286.1123. LC-
MS Purity: 98.8 %, R= 2.36 min.

(5-fluoro-1H-indol-2-yl)(7-fluoro-1H-indol-3-yl)méanone 1{2). In a 250 mL flask with a magnetic
stirring bar, 5-fluoroindole-2-carboxylic acid (1d) 5.58 mmol), SOGI(2.0 mL) and DMF (30 pL)
were dissolved in 30 mL of ethyl ether. The reachaxture was stirred at room temperature for 4.0 h
After removing ethyl ether and SOQ®ly rotavapor, the residue and 7-fluoroindole (9Gh 67 mmol)
were dissolved in 20 mL of DCM and 15 mL of nitratremne. To the reaction mixture, was added $nCl
(AN in DCM) (7.3 mL, 7.3 mmol) by syringe. The mix¢ was stirred at room temperature for overnight.
After quenching by 150 mL of ice-water, the mixtwras extracted by 150 mL of ethyl acetate. The
organic phase was dried by 188, the solvent was removed by rotavapor. The residagepurified by
silica gel column chromatography to yield 510 mgaofpoundl2 with a yield of 31%.
(5-fluoro-1H-indol-2-yl)(7-fluoro-1H-indol-3-yl)méaanone 12) *H NMR (400 MHz, DMSOdq) &
12.69 (s, 1H), 11.91 (s, 1H), 8.47 (s, 1H), 8.10)(d 8.0 Hz, 1H), 7.52 — 7.48 (m, 1H), 7.47 — 7.43 (m
1H), 7.38 (ddJ = 2.3, 0.9 Hz, 1H), 7.26 — 7.19 (m, 1H), 7.17 697(m, 2H)."*C NMR (101 MHz,
DMSO-dg) 6 180.2 (dJ = 1.2 Hz), 157.2 (d] = 233.2 Hz), 149.2 (dl = 244.8 Hz), 137.5, 134.5, 134.0,
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130.1 (dJ = 4.9 Hz), 127.3 (d) = 10.6 Hz), 124.4 (d] = 13.4 Hz), 122.4 (d] = 6.1 Hz), 117.6 (d] =
3.5 Hz), 115.8 (dJ = 1.8 Hz), 113.8 (dJ = 9.6 Hz), 113.4 (d) = 26.7 Hz), 108.1 (d] = 15.6 Hz),
107.6 (d,J = 5.4 Hz), 106.3 (d] = 22.8 Hz). HRMS (ESI) calcd fori@H;0F2N,O (M + Na): 319.0653,
found: 319.0666. LC-MS Purity: 98.2 %; R2.73 min.

General procedure for Se@xidation:

In a 100 mL flask with a magnetic stirring bar, gmund?2 (1.2 g, 4.2 mmol) and Se@32 mg, 8.4
mmol) were suspended in 20 mL of 1,4-dioxane. Haetion mixture was then heated at 100 °C by oll
bath for 4.0 h. After cooling to room temperatutes reaction mixture was then poured to 200 mL of
ethyl acetate, washed by 100 mL of NaH@turated aqueous solution three times. The argdvase
was dried by Ng5O, and the solvent was removed by rotavapor. Theluesivas then purified by silica
gel column chromatography to yield 890 mg of commublB (71% yield).

(6-fluoro-1H-benzo[d]imidazol-2-yl)(7-fluoro-1H-imd-3-yl)methanone 18) *H NMR (400 MHz,
DMSO-dg) & 13.47 (s, 0.5H), 13.44 (s, 0.5H), 12.85 (s, 1H349d,J = 5.2 Hz, 1H), 8.20 (d) = 7.9
Hz, 1H), 7.91 (ddJ = 8.9, 4.9 Hz, 0.5H), 7.69 (dd,= 9.7, 2.5 Hz, 0.5H), 7.60 (dd,= 8.9, 4.9 Hz,
0.5H), 7.38 — 7.11 (m, 3.5H}°C NMR (101 MHz, DMSOdg) & 177.2, 161.3, 160.1, 158.9, 157.8,
150.7, 150.5, 150.2, 148.1, 143.4, 143.3, 139.8,71.3138.6, 134.3, 134.2, 130.8, 130.1, 130.1,2.24.
1241, 123.2, 123.1, 122.3, 122.2, 117.7, 117.4,591114.4, 113.7, 113.6, 113.5, 111.8, 111.6,4,08.
108.4, 106.0, 105.7, 98.6, 98.3. HRMS (ESI) calod € ¢HoFNsO (M + Na): 320.0606, found:
320.0620. LC-MS Purity: 99.8 %, R 2.68 min.

(1H-benzo[d]imidazol-2-yl)(1H-indol-3-yl)methano(i#&) *H NMR (400 MHz, DMSOsg) 5 13.28 (s,
1H), 12.24 (s, 1H), 9.36 (d,= 3.2 Hz, 1H), 8.42 — 8.37 (m, 1H), 7.86 Jd; 8.3 Hz, 1H), 7.62 — 7.55
(m, 2H), 7.40 — 7.25 (m, 4H). HRMS (ESI) calcd @iH1:NzO (M + H)": 262.0975, found 262.0978.
LC-MS Purity: 99.2 %, R= 2.46 min.

(1H-benzo[d]imidazol-2-yl)(7-fluoro-1H-indol-3-yl)athanone 15) *H NMR (400 MHz, DMSOd) &
13.34 (s, 1H), 12.83 (s, 1H), 9.39 &+ 3.2 Hz, 1H), 8.22 (d] = 7.5 Hz, 1H), 7.88 (d] = 8.1 Hz, 1H),
7.61 (d,J = 8.0 Hz, 1H), 7.43 — 7.23 (m, 3H), 7.20 — 7.09 {M). HRMS (ESI) calcd for {gH10FNsO
(M + H)": 280.0881, found 280.0893. LC-MS Purity: 99.6 %=R.59 min.

(6-fluoro-1H-benzo[d]imidazol-2-yl)(1H-indol-3-yl)athanone 16) *H NMR (400 MHz, DMSOd) &
13.39 (s, 1H), 12.26 (s, 1H), 9.32 (s, 1H), 8.4835 (m, 1H), 7.88 (s, 0.5H), 7.75 — 7.51 (m, ZHR7
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— 7.17 (m, 3.5H). HRMS (ESI) calcd foridEl1gFNsO (M + H)": 280.0881, found 280.0886. LC-MS
Purity: 99.6 %, R= 2.53 min.

Procedure for the preparation of 4-flud¥d-methylbenzene-1,2-diamine and 6-fludvb-

methylbenzene-1,2-diamine
tert-butyl (3-fluoro-2-nitrophenyl)carbamate

In a 100 mL flask with a magnetic stirring bar,|@efro-2-nitroaniline (1.0 g, 6.41 mmol), B2 (3.1 g,
14.1 mmol) and DMAP (200 mg) were dissolved in 20 oh DMF. The reaction mixture was stirred
overnight at room temperature and then diluted @y L of ethyl acetate. The ethyl acetate solution
was washed by 1IN HCI (50 mL) three times, dried NSO, and the solvent was removed by
rotavapor. The residue was dissolved in 16 mL otD@ith 3.0 vol % TFA (0.5 mL, 9.6 mmol) (1.5
equiv). After stirring at room temperature for A,0the reaction mixture was diluted by 100 mL dfyt
acetate, washed by 50 mL of NaHCS&aturated aqueous solution three times. The argamse was
dried by NaS0Oy, the solvent was removed by rotavapor. The residas purified by silica gel column
chromatography to yield 1.58 g of tert-butyl (3€fto-2-nitrophenyl)carbamate (96 % yield).

The tert-butyl (3-fluoro-2-(methylamino)phenyl)carbate was obtain by monomethylating of tert-butyl

(2-amino-3-fluorophenyl)carbamate following proceshiin literature.[66]
tert-butyl (5-fluoro-2-(methylamino)phenyl)carbamat

In a 100 mL flask with a magnetic stirring bar,tdeutyl (2-amino-5-fluorophenyl)carbamate (0.6 g,

2.65 mmol), CHI (376 mg, 2.65 mmol) and NaGs; (310 mg, 2.92 mmol) were suspended in 10 mL of
DMF. The reaction mixture was stirred overnight@m temperature and then diluted by 100 mL of
ethyl acetate. The ethyl acetate solution was whslyewater (100 mL) three times, dried by,N@),

the solvent was removed by rotavapor. The residagepurified by silica gel column chromatography to

yield 255 mg of tert-butyl (5-fluoro-2-(methylamiyphenyl)carbamate with a yield of 40 %.

(4-fluoro-1H-benzo[d]imidazol-2-yl)(7-fluoro-1H-imd-3-yl)methanone 17) *H NMR (400 MHz,
DMSO-de) 6 13.56 (s, 1H), 12.98 (s, 1H), 9.33 (s, 1H), 8.20J(= 7.9 Hz, 1H), 7.61 — 7.40 (m, 1H),
7.32 (m, 2H), 7.15 (m, 2H). HRMS (ESI) calcd forgBeF2N3sO (M + H)": 298.0786, found 298.0794.
LC-MS Purity: 99.8 %, R= 2.71 min.
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(7-fluoro-1H-indol-3-yl)(1-methyl-1H-benzo[d]imidaz2-yl)methanone 18) 'H NMR (500 MHz,
DMSO-dg) § 12.78 (s, 1H), 8.97 (s, 1H), 8.20 (bx 7.9 Hz, 1H), 7.88 (d] = 8.1 Hz, 1H), 7.75 (d] =
8.1 Hz, 1H), 7.45 (ddd] = 8.1, 7.0, 1.1 Hz, 1H), 7.37 (dd#i= 8.1, 7.1, 1.1 Hz, 1H), 7.30 — 7.24 (m,
1H), 7.18 — 7.12 (m, 1H), 4.14 (s, 3H). HRMS (E&d)cd for G:H12FNsO (M + H)': 294.1037, found
294.1048. LC-MS Purity: 99.3 %, R 2.68 min.

(4-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(7-fltm 1H-indol-3-yl)methanone 10) *H NMR (400
MHz, DMSO-dg) 5 12.82 (s, 1H), 8.92 (s, 1H), 8.18 (s 7.9 Hz, 1H), 7.59 (d] = 8.3 Hz, 1H), 7.48 —
7.39 (m, 1H), 7.31 — 7.24 (m, 1H), 7.22 — 7.09 @), 4.14 (s, 3H). HRMS (ESI) calcd for
Ci7H11FN30 (M + H)': 312.0943, found 312.0956. LC-MS Purity: 99.6 %+=R.80 min.

(5-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(7-fltm 1H-indol-3-yl)methanone 20) *H NMR (400
MHz, DMSO-dg) 6 12.80 (s, 1H), 8.94 (dl = 2.2 Hz, 1H), 8.18 (dd] = 7.9, 2.2 Hz, 1H), 7.81 — 7.72
(m, 1H), 7.72 — 7.63 (m, 1H), 7.37 — 7.21 (m, 2HL4 (dddJ = 10.6, 7.9, 2.2 Hz, 1H), 4.13 (s, 3H).
HRMS (ESI) calcd for gH11FN30 (M + H)™: 312.0943, found 312.0953. LC-MS Purity: 99.8 %=R
2.79 min.

(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(7-fltm 1H-indol-3-yl)methanone 20) *H NMR (400
MHz, DMSO-dg) & 12.77 (s, 1H), 8.93 (s, 1H), 8.17 (t= 7.9 Hz, 1H), 7.88 (dd] = 8.9, 5.0 Hz, 1H),
7.61 (dd,J = 9.4, 2.5 Hz, 1H), 7.28 — 7.17 (m, 2H), 7.16 887(m, 1H), 4.09 (s, 3H}*C NMR (101
MHz, DMSO-dg) 5 179.1 (dJ = 1.5 Hz), 160.1 (dJ = 239.8 Hz), 149.2 (d] = 244.9 Hz), 148.4 (d] =
3.1 Hz), 139.0, 137.7, 136.7 @@= 14.0 Hz), 130.0 (d] = 4.7 Hz), 124.1 (d) = 13.3 Hz), 123.1 (d] =
6.1 Hz), 122.2 (dJ = 10.4 Hz), 117.6 (d) = 3.4 Hz), 115.5 (dJ = 2.0 Hz), 111.9 (dJ = 25.7 Hz),
108.4 (d,J = 15.7 Hz), 97.6 (dJ = 27.9 Hz), 32.4. HRMS (ESI) calcd forE1;FNsO (M + Naj':
334.0762, found: 334.0765. LC-MS Purity: 96.3 %=R.78 min.

(7-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(7-fltm 1H-indol-3-yl)methanone 22) *H NMR (400
MHz, DMSO-dg) & 12.82 (s, 1H), 8.84 (d = 2.5 Hz, 1H), 8.17 (dd] = 8.0, 2.4 Hz, 1H), 7.69 (dd,=
8.1, 2.4 Hz, 1H), 7.34 — 7.19 (m, 3H), 7.19 — 7(@8 1H), 4.25 (s, 3H)HRMS (ESI) calcd for
Ci7H11FN30 (M + H)': 312.0943, found 312.0956. LC-MS Purity: 99.7 %+=R.99 min.

(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(1H-io3-yl)methanone 28) *H NMR (500 MHz,
DMSO-dg) 6 12.21 (s, 1H), 8.88 (s, 1H), 8.41 — 8.32 (m, TH38 (dd,J = 8.8, 4.9 Hz, 1H), 7.66 (dd,
= 9.4, 2.5 Hz, 1H), 7.61 — 7.54 (m, 1H), 7.32 -67(&, 2H), 7.22 (ddd) = 9.9, 8.9, 2.5 Hz, 1H), 4.10
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(s, 3H). HRMS (ESI) calcd for £H1,FNsO (M + H)': 294.1037, found 294.1051. LC-MS Purity: 99.2
%, R =2.71 min.

(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(4-fltm 1H-indol-3-yl)methanone 24) *H NMR (500

MHz, DMSO-g) 6 12.42 (s, 1H), 8.67 (s, 1H), 7.85 (dds 8.9, 5.0 Hz, 1H), 7.66 (dd,= 9.4, 2.5 Hz,
1H), 7.39 (d,J = 8.1 Hz, 1H), 7.30 — 7.25 (m, 1H), 7.21 (ddd; 9.8, 8.8, 2.5 Hz, 1H), 7.00 (dd =

11.1, 7.8 Hz, 1H), 4.05 (s, 3H). HRMS (ESI) caladt i7H11FNsO (M + H): 312.0943, found
312.0954. LC-MS Purity: 99.2 %, R 2.59 min.

(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(5-fltm 1H-indol-3-yl)methanone 26) *H NMR (500

MHz, DMSO-g) 6 12.31 (s, 1H), 8.96 (s, 1H), 8.04 (dds 9.9, 2.6 Hz, 1H), 7.88 (dd,= 8.9, 5.0 Hz,
1H), 7.67 (ddJ = 9.4, 2.5 Hz, 1H), 7.59 (dd,= 8.8, 4.6 Hz, 1H), 7.23 (ddd,= 9.8, 8.9, 2.5 Hz, 1H),
7.19 — 7.10 (m, 1H), 4.11 (s, 3H). HRMS (ESI) cafod C;7H1:FNsO (M + H)": 312.0943, found
312.0956. LC-MS Purity: 95.8 %, R 2.92 min.

(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(6-fltm 1H-indol-3-yl)methanone 26) *H NMR (500
MHz, DMSO-g) 6 12.23 (s, 1H), 8.90 (s, 1H), 8.34 (dds 8.7, 5.6 Hz, 1H), 7.88 (dd,= 8.9, 4.9 Hz,
1H), 7.66 (ddJ = 9.4, 2.5 Hz, 1H), 7.37 (dd,= 9.6, 2.4 Hz, 1H), 7.22 (ddd,= 9.8, 8.8, 2.5 Hz, 1H),
7.14 (ddd,J = 9.8, 8.7, 2.4 Hz, 1H), 4.10 (s, 3H). HRMS (E88#icd for G/H11FN3O (M + H)™:
312.0943, found 312.0955. LC-MS Purity: 99.7 %+=R.87 min.

(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-yl)(7-flutm 1-methyl-1H-indol-3-yl)methanone 27 'H
NMR (400 MHz, DMSO€k) & 8.87 (s, 1H), 8.20 (ddl = 8.0, 0.9 Hz, 1H), 7.88 (dd,= 8.9, 4.9 Hz,
1H), 7.67 (dd,) = 9.4, 2.5 Hz, 1H), 7.31 — 7.20 (m, 2H), 7.15 (d#id 12.6, 7.9, 0.9 Hz, 1H), 4.11 @,
= 2.3 Hz, 3H), 4.09 (s, 3H). HRMS (ESI) calcd fogldi3FNsO (M + H)": 326.1099, found 326.1113.
LC-MS Purity: 99.1 %, R= 3.03 min.

General procedure for the preparation of compo@8¢30 and31

In a 25 mL flask with a magnetic stirring bar, caupd 21 (200 mg, 0.64 mmol), 1-bromo-2-
chloroethane (368 mg, 2.56 mmol) andC; (353 mg, 2.56 mmol) were suspended in 10 mL of
acetone. After sealing by rubber stopper, the flaak heated at 70 °C in an oil bath for 3 h. Then t
reaction mixture was diluted by 100 mL of ethyltate. The ethyl acetate solution was washed byrwate
(50 mL) three times, dried by h&Os, the solvent was removed by rotavapor. The residag purified

by silica gel column chromatography to yield 203 ofigvhite solid with a yield of 85 %.
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In a 10 mL flask with a magnetic stirring bar, inéermediate prepared above (203 mg, 0.54 mmol),
TBAI (40 mg, 0.11 mmol) were dissolved in 3 mL obrpholine. After sealing by a rubber stopper, the
flask was heated at 100 °C in an oil bath for 4rid then diluted by 50 mL of ethyl acetate. The/leth
acetate solution was washed by water (50 mL) thmes, dried by Ng&Os, the solvent was removed
by rotavapor. The residue was purified by silicaagdumn chromatography to yield compou2fi (183
mg, 80% yield).

(7-fluoro-1-(2-morpholinoethyl)-1H-indol-3-yl)(6tfbro-1-methyl-1H-benzo[d]imidazol-2-
yl)methanone28) *H NMR (400 MHz, DMSOdg) & 9.02 (s, 1H), 8.22 (dl = 8.0 Hz, 1H), 7.87 — 7.80
(m, 1H), 7.68 (ddy = 9.4, 2.5 Hz, 1H), 7.30 — 7.21 (m, 2H), 7.19 £17(m, 1H), 4.54 (tJ = 6.1 Hz,
2H), 4.10 (s, 3H), 3.59 (1l = 4.4 Hz, 4H), 2.74 (t) = 6.1 Hz, 2H), 2.47 () = 4.4 Hz, 4H)°*C NMR
(101 MHz, DMSO#€) 6 178.8, 160.1 (dJ = 239.6 Hz), 149.4 (dl = 244.3 Hz), 148.5 (d] = 3.1 H2z),
143.5, 137.8, 136.8 (d,= 13.9 Hz), 130.8 (d] = 4.1 Hz), 123.7 (d) = 9.3 Hz), 123.4 (d]) = 6.6 Hz),
122.0 (dJ =10.5 Hz), 117.9 (d] = 3.6 Hz), 114.2, 111.9 (d,= 25.9 Hz), 109.3 (d] = 17.9 Hz), 97.8
(d,J=27.8 Hz), 66.2, 57.8, 53.2, 46.1 {d 5.0 Hz), 32.4. HRMS (ESI) calcd for4El2o0FN4O, (M +
H)": 425.1784, found: 425.1799. LC-MS Purity: 99.2R¢5 2.43 min.

(6-fluoro-1-(2-morpholinoethyl)-1H-benzo[d]imidaz@tyl)(7-fluoro-1H-indol-3-yl)methanone29) 'H
NMR (400 MHz, DMSOsdg) 6 12.82 (s, 1H), 8.82 (s, 1H), 8.15 (s 7.9 Hz, 1H), 7.88 (dd} = 8.9, 4.9
Hz, 1H), 7.68 (ddJ = 9.4, 2.5 Hz, 1H), 7.29 — 7.18 (m, 2H), 7.14 (@d,11.3, 7.9 Hz, 1H), 4.74 @,=
5.9 Hz, 2H), 3.17 (tJ = 4.6 Hz, 4H), 2.58 (t) = 5.9 Hz, 2H), 2.31 (1) = 4.5 Hz, 4H). HRMS (ESI)
calcd for GoHogFoN4O, (M + H)™: 411.1627, found 411.1627. LC-MS Purity: 99.3 %=R.28 min.

(7-fluoro-1-(3-morpholinopropyl)-1H-indol-3-yl)(8tforo-1-methyl-1H-benzo[d]imidazol-2-
yl)methanone30) *H NMR (400 MHz, DMSOsg) & 8.93 (s, 1H), 8.23 (dd,= 7.9, 2.8 Hz, 1H), 7.88 —
7.78 (m, 1H), 7.65 (dd] = 9.4, 2.6 Hz, 1H), 7.31 — 7.20 (m, 2H), 7.19 £17(m, 1H), 4.47 (t) = 6.6
Hz, 2H), 4.08 (s, 3H), 3.53 ({,= 4.4 Hz, 4H), 2.30 (1] = 4.4 Hz, 4H), 2.22 () = 6.3 Hz, 2H), 2.02 —
1.92 (m, 2H). HRMS (ESI) calcd for 6H24FN4O, (M + H)™: 439.1940, found 439.1942. LC-MS
Purity: 98.6 %, R= 2.35 min.

(7-fluoro-1-(4-morpholinobutyl)-1H-indol-3-yl)(6fbro-1-methyl-1H-benzo[d]imidazol-2-
yl)methanone3l) 'H NMR (400 MHz, DMSOdg) & 8.92 (s, 1H), 8.22 (dl = 8.0 Hz, 1H), 7.92 — 7.80
(m, 1H), 7.66 (ddJ = 9.4, 2.5 Hz, 1H), 7.32 — 7.20 (m, 2H), 7.16 (@, 12.7, 8.0 Hz, 1H), 4.44 d,=
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7.2 Hz, 2H), 4.09 (s, 3H), 3.49 &= 4.5 Hz, 4H), 2.37 — 2.16 (m, 6H), 1.85 Jp; 7.4 Hz, 2H), 1.44 (p,
J = 7.3 Hz, 2H). HRMS (ESI) calcd fora€H26F2N4O> (M + H)': 453.2097, found 453.2102. LC-MS
Purity: 99.6 %, R= 2.50 min.

(1-butyl-7-fluoro-1H-indol-3-yl)(6-fluoro-1-methylH-benzo[d]imidazol-2-yl)methanon&2) *H NMR
(500 MHz, Chloroformd) 6 8.83 (s, 1H), 8.34 (dl = 8.0 Hz, 1H), 7.83 (ddl = 9.5, 4.8 Hz, 1H), 7.28 —
7.20 (m, 1H), 7.16 — 7.07 (m, 2H), 7.00 (dd; 12.5, 7.9 Hz, 1H), 4.36 (,= 7.3 Hz, 2H), 4.14 (s, 3H),
1.91 (pJ = 7.3 Hz, 2H), 1.46 — 1.34 (m, 2H), 0.96)t 7.4 Hz, 3H):*C NMR (126 MHz, Chloroform-
d) 6 179.3, 161.1 (dJ = 243.0 Hz), 145.0 (d] = 245.3 Hz), 148.8 (d] = 3.2 Hz), 141.6, 138.3, 137.0
(d,J =13.3 Hz), 131.6 (d] = 4.1 Hz), 124.4 (d) = 9.7 Hz), 123.6 (d] = 6.5 Hz), 122.6 (d) = 10.3
Hz), 118.5 (dJ = 3.8 Hz), 115.4 (d) = 1.4 Hz), 112.4 (d] = 25.7 Hz), 109.6 (d] = 18.0 Hz), 96.7 (d,

J = 27.4 Hz), 50.1 (dJ = 5.0 Hz), 33.3 (dJ = 2.2 Hz), 32.6, 20.0, 13.7. HRMS (ESI) calcd for
C,1H19FN30 (M + Na)': 390.1388, found: 390.1404. LC-MS Purity: 99.5R%= 3.19 min.

General procedure for the preparation of compo@8dsd34

In a 25 mL flask with a magnetic stirring bar, caupd21 (200 mg, 0.64 mmol) was suspended in 6
mL of DMF. After cooling to 0 °C by an ice-watertbaNaH (65 wt %) (29 mg, 0.77 mmol) was added
to the reaction mixture. After stirring at 0 °C fbiO h, CISQCH,CH,CI (157 mg, 0.96 mmol) was
added. The reaction mixture was stirred overnighe reaction mixture was diluted by 60 mL of ethyl
acetate solution, and then washed by water (50 ttmige times, dried by N8O, the solvent was
removed by rotavapor. The residue was purifiediligasgel column chromatography to yield 195 mg
of white solid with a yield of 70 %.

In a 10 mL flask with a magnetic stirring bar, tnégermediate prepared above (150 mg, 0.34 mmol),
morpholine (296 mg, 3.4 mmol) and TBAI (26 mg, Or@imol) were dissolved in 3 mL of DMSO and
stirred at 110 °C for 6 h. After cooling to roonmigerature, it was diluted by 60 mL of ethyl acetate
The ethyl acetate solution was washed by waten{Bpthree times, dried by N&0O,. The solvent was
removed by rotavapor. The residue was purifiediligasgel column chromatography to yield 116 mg
of compound3 (70 % vyield).

(7-fluoro-1-((2-morpholinoethyl)sulfonyl)-1H-ind8kyl)(6-fluoro-1-methyl-1H-benzo[d]imidazol-2-
yl)methanone33) *H NMR (500 MHz, Chloroformd) & 8.94 (s, 1H), 8.35 (d = 8.0 Hz, 1H), 7.85 (dd,
J=9.5,4.8Hz, 1H), 7.31 - 7.26 (m, 1H), 7.16 £17/(m, 2H), 7.06 (dd] = 12.7, 8.0 Hz, 1H), 4.83 (,
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= 7.3 Hz, 2H), 4.16 (s, 3H), 3.68 — 3.63 (M, 4HE2(t,J = 7.3 Hz, 2H), 3.26 — 3.21 (M, 4H). HRMS
(ESI) calcd for GsHaoFaN4O4S (M + HY': 489.1403, found: 489.1417. LC-MS Purity: 95.9Re= 2.84

min.

(7-fluoro-1-((2-(piperazin-1-yl)ethyl)sulfonyl)-1kdol-3-yl)(6-fluoro-1-methyl-1H-benzo[d]imidazol-
2-yl)methanone3) *H NMR (500 MHz, Chlorofornd) & 8.89 (s, 1H), 8.30 (dl = 7.9 Hz, 1H), 7.86 —
7.79 (m, 1H), 7.26 — 7.21 (m, 1H), 7.13 — 7.07 @), 7.02 (dd,J = 12.5, 7.9 Hz, 1H), 4.79 {,= 7.3
Hz, 2H), 4.12 (s, 3H), 3.49 (,= 7.3 Hz, 2H), 3.26 (t) = 4.8 Hz, 4H), 2.89 (1 = 4.8 Hz, 4H). HRMS
(ESI) calcd for GaHo3FNs0sS (M + H)': 488.1538, found 488.1564. LC-MS Purity: 97.5 %=R.50

min.

Cell Culture and Bioactivity Test: HepG2 cells were cultured in low-glucose DMEM nzedi
supplemented with 10% FBS, 1% Penicillin/Streptoimyd% non-essential amino acid, 1% sodium
pyruvate and 1% L-glutamine. When the cells rea@% Tonfluence, they were harvested and plated
1X105 cells per well in 96-well plate. After oveght settle-down, the culture medium was removed.
200 pL of dose medium containing compounds or Vehli@s added to each well. After 24 h, each well
was refreshed with the same medium, followed byttero24 h incubation. Finally, medium was

collected after centrifugation at 3000 rpm for 3 1rand was used for ELISA.

ELISA Assay: ELISA assay was used to measure PCSK9 concemtrati cell culture medium
according to manufacture protocol (R&D system, D888 100 pL of 2.0 ug/mL PCSK9 capture
antibody in PBS was add into high-binding plate (R&ystem, DY990). After overnight incubation at
room temperature, the solution was removed and edastith ~400 pL of washing buffer (0.05%
Tween-20 in PBS) three times. Reagent diluent {(8001% BSA in PBS) was added to each well and
incubated for at least 1 h. Each of following stefas performed after the removal of previous sofuti
and washing out remaining solution with washingfé@ufPCSK9 standard or sample (100 pL) with or
without dilution in reagent was added to each v@lbwed with 2 h incubation. Next, 100 pL of 100
ng/mL PCSK9 detection antibody in reagent was addeshch well followed with 2 h incubation. After
detection antibody incubation, 100 pL of StreptavidRP was added to each well and incubated for 20
min. Finally, 100 pL of TMB solution was added andubated for 20 min followed with the addition of
50 pL of stop solution (2 N $#0,). After mixing, the optical density of each wellbs/ determined

immediately using a microplate reader set to 450amich wavelength correction to 540 nm or 570 nm.
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Subtract readings at 540 nm or 570 nm from theimgadat 450 nm. Standard curve was generated by

four parameters logistic (4-PL) curve-fit and usedneasure the PCSK9 concentration in samples.

Statistical Analysis: All statistical analysis was done by GraphPad PriStatistical significance was
analyzed by performing one-way ANOVA analysis ofri@ace. Multiple group comparisons with
vehicle or compound-treated group were followed imaihcorrection. Not significant (ng) > 0.05, P
< 0.05, **p < 0.01, ***p < 0.001, ***p < 0.0001.

Pharmacokinetic Study: The animal studies were conducted following proto800582 (Attie)
approved by the Institutional Animal Care and Usenittee (IACUC). The pharmacokinetic study of
compoundl2 and13 were carried out with female BTBR mice. 2.0 mMcofmpound was suspended in
DMSO (10 %) and Tween 80 (10%) in PBS (80%). A Endpse of 6 mg/kg was administrated by
intraperitoneal injection (n = 3 mice), followed bipod collection via retro-orbital bleeding at 5, 2.5,
2.0,4.0,6.0 h.

Whole blood samples were added to a tube contalBiMDA and centrifuged. Plasma was collected and
stored at -20 °C. Compound standards were prepaitbdpooled plasma samples. 50 puL of thawed
plasma and standards were added into wells of @&tss-Through Sample Preparation Plate (96-well)
(Waters, Part Number 186005518) for solid-phaseaetibn. Acetonitrile (150 pL, 1% formic acid)

containing internal standard was added and mixepifmstte. Next, clear sample solution was eluted by
positive pressure processor under 60 psi for 5 e sample solution can be used directly for LC-
MS/MS analysis. In our case, we used QTrap-5500famiity UPLC system to analyze the content of
compound. MS data was analyzed by Analyst® softvear@ standard curve was processed by four-

parameter logistic (4-PL) curve-fit.

Hepatic Microsome Stability Assay: Metabolic stability was assessed in the presericeluman,
mouse, and rat liver microsomes (XenoTech) at@drBurnham Prebys Medical Discovery Institute
(SBP). All liquid dispenses and transfer steps wedormed with the Freedom Evo automated liquid
handler (Tecan US). NADPH, a required cofactor @YP450 metabolism, was provided by the
NADPH Regenerating System, Solutions A (BD Biosces) and B (BD Biosciences). Compound
stock solutions were initially prepared in 100% DM&nd subsequently diluted in acetonitrile for the
assay. The pH of the reactions was kept at ~ A4 patassium phosphate buffer (BD Biosciences). The

reaction wells were prepared by adding microsoroea tvell and allowed to warm to 37 °C. Then
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compound was added to each well. The reactions started by adding NADPH to the reaction well
containing microsomes and compounds. Negativeraisnteceived buffer only (instead of NADPH).
Immediately after reactions started, 0 min aligweése promptly collected and mixed in a separaté we
with ice cold acetonitrile (spiked with internahstlards) to quench the reactions. The remaindéreof
reaction volume was incubated at 37 °C with shakfgy additional aliquot was collected at 60 min
after the start of the reaction and promptly quedctvith ice cold acetonitrile (spiked with an imtel
standard). Samples were vortexed and centrifug8d@@Q rpm for 10 min. The amount of compound in
the supernatant was determined by LC/MS/MS (Thewciarific, Endura) and the percent of parent

compound remaining after 60 min was calculatechiyfollowing formula:
CLint (intrinsic clearance) (uL/min/mg) = 0.693{(A[microsomal protein])
T12 (half-life)(min) = 0.693/-k

k = slope

All reactions were run in triplicate, except negatcontrols (no NADPH) which were performed as
single reactions. Results reported are the measaoi reaction triplicate, normalized to the intérna

standard, and expressed as the percent of compenraining after the incubation time.
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